Wavelet transform has become popular because of satisfied result for identifying short circuit in stator of induction motor. This paper presents prototype of discrete wavelet transform combined with quadratic discriminant analysis for monitoring of induction motor condition. Mode of motor operation is introduced in this paper as normal operation, starting of fault, and ending of fault. For this task, Discrete wavelet transform with Quadratic discriminant analysis is used to classify motor current into this three state of motor operation. Motor current is processed by discrete wavelet transform with Haar filter to extract high frequency of signal. Then, energy level calculated from high frequency signal is evaluated with quadratic discriminant analysis to identifying states of motor current condition.
Introduction
Induction motors are a critical component of most of industrial processes and are always integrated with production equipment. Induction motor is widely used because it has strong construction, high efficiency, and cheap maintenance. Stopping of induction motor would cause serious problem and huge cost losses.
Long time operation, wet environment and frequently vibration could make this motor's condition dangerous and got serious damage. Research of fault in induction motor which has been done shows us fault mechanism of induction motor categorized as fault of bearing (41%), fault of stator (37%), fault of rotor (10%) and others (12%) [1] . Because of development in digital signal processing technology, information that is not able to get from some collecting data have been able to extracted. In the light of these developments, some methods for monitoring of induction motor have been invented and introduced since many years ago. Mechanical-vibration analysis [1] , and also by thermal behavior, infrared recognition, radio-frequency emissions, and chemical analysis is used to detect fault in induction motor, but it is second order effects when any fault occurred in induction motor if we compared them to stator current variation. Moreover, if we used vibration analysis method, it will be affected by other vibration from other induction motor. Furthermore, in a number of cases, the severity of the fault (for example, number of broken rotor bars) must be high to make it detectable by the above-specified methods [2] . Then, condition monitoring via MCSA (Motor Current Signature Analysis) has recently attracted more attention from researchers and also has been widely used to diagnose problems in electrical motors [3] - [12] . MCSA focuses its work on spectral analysis of stator current and has been satisfy applied to detect broken rotor bars [3] [4] , abnormality of air gap eccentricity [5] , and shorted inter-turns in stator windings [6] , among other mechanical problems [7] [8] [9] . In addition, many industrial cases have been analyzed by MCSA since 1980s [10] [11] [12] with good results [12] . Stator current of induction motor is analyzed by MCSA in search of current harmonics directly related to new rotating flux components caused by faults in the motor-flux distribution [2] . The advantage of this technique is that it is realized nowadays as a standard because its simplicity: It needs only one current sensor per machine. Furthermore, Fast Fourier Transforms (FFT) as principle in MCSA is very applicable.
FFT is suitable applied in stationary or continuous signal processing. Nevertheless, it will be serious problem if motor current as input in MCSA is non-stationary signal. Changing time domain to frequency domain using FFT will result to loss time information in current signal. So, when looking at FFT of a signal, it is impossible to know when an event occurred and when it finished. Perhaps, if it is stationary signal, it will be not important thing. STFT could make affiliation between time and frequency domain of a signal using both sequence of windowing and wide of windowing signal. So, in a time of windowing signal, we shall know what frequency occurred, and in the next of windowing, we also shall see if there is something changes about frequency compared before. Nevertheless, it will be dilemma to determine particular size for width of windowing. If we use big size for width of windowing, STFT will result good resolution of frequency, but poor for time resolution. It means that some frequencies of signal will be able to captured, but we do not know exactly when it is happen. However, if small size of windowing applied in STFT, we will get good resolution in time domain, but poor in frequency resolution For this problem, next generation of digital signal processing after STFT can be used. It is wavelet transform. Thus, Wavelet transform represents the next logical step: a windowing technique with variable-sized regions. Wavelet analysis allows the use of long time intervals where more precise low-frequency information is required and shorter regions where high frequency information is required.
The main goal of this paper is to discuss the importance and reliability of wavelet transforms methods combined quadratic discriminant analysis for stator-current analysis to detect the faults in induction machines. The following section of this paper describes the most common faults in induction motors and their diagnosis using wavelet transform. Result of wavelet transform will be input in quadratic discriminant analysis to create groups of motor current based its condition. Novel approaches using wavelet transform and successfully quadratic discriminant analysis method are discussed in section III and IV with some experimental results. Finally, Section V presents some concluding remark.
Wavelet Transform
Wavelet transform is a transformation representing a signal to other domain. Wavelet transform is able to produce detail signal and smooth signal without time information losses. Wavelet transform is often used to process non stationary signal because of its capability to see the whole data of signal with desired resolution [13] [14] [15] [16] [17] .
Wavelet transforms works in space L 2 (R). The letter of "L" signifies a Lebesque integral, the number of "2" denotes integral of square of function and "R" states the independent variable of integration and t is a number of whole real time. Thence L 2 (R) is a space of square integral able function, or for more clearly, it can be described as formula (1) follow:
It is mean that formality, if f(t) ϵ L 2 (R), then f(t) must be able to be decomposition as linear combination of orthonormality basis function.
Wavelet transform is able to change signal resolution of original signal with scaling variable and then translate it from start to end of a signal. It is able to be described as formula (2) follow:
with τ is translation parameter, s is dilatation parameter, f(t) is original signal, Ѱ is wavelet transform and Z is integer number. The formula (2) is also called as continuous wavelet transform. However, it is difficult to imagine that infinite signal can be transform with a transformation theorem. Therefore, a derivative of wavelet theorem, namely discrete wavelet transform is discovered to solve this problem. It can be made with sampling infinite signal into discrete signal. If continuous wavelet transform use integral transformation approach in signal processing, then discrete wavelet transform use multi resolution analysis approach to obtain desired signal. Formula of decomposition signal f(t) is define as formula (3) . Signal can be represented by low frequency signal c j and high frequency signal d j
Haar wavelet is one of wavelet type that widely known as simplest wavelet.. Father, ϕ, and mother wavelet, ψ, in interval {0, 2N-1}, which N is integer number≥ 1. If value of N=1, then, it can be described as follow: = 1 for t 0, −1 for t , 1 0 oherwise
Formula (4) and (5), is also called as 'db 1'. Commonly, Wavelet Doubechies is written as 'dbN', with N is order of wavelet. A total of 420 datasets was obtained. 330 datasets is used for training and other 90 datasets for testing. Number of shorted turn is used as variation each case of dataset as shown in Table 2 . 
Experiment Setup

Experiment Result
Current spectrum of induction motor during temporary short circuit is shown in Fig.3 . Short circuit start at 0.055 ms and finish at 0.12 ms, which means it has duration 65 ms. in this case, amplitude of short circuit current is 3.82
Ampere. and e 3 will be used to analyze normal current, starting fault current and ending fault current. The characteristic of fault types also can figure out based on energy signal as shown in Fig. 10 . Characteristic of e 1 , e 2 , and e 3 in normal current, starting fault current and ending fault current can be described in Table 3 .
Fault Classification based on Quadratic discriminant Analysis
Normal current and fault current, especially starting and ending fault will be classified by discriminant analysis.
Input of discriminant analysis is e 1 , e 2 , and e 3 of normal current, starting fault current and ending fault current. As comparison, linear discriminant analysis will be performing besides analyzed by quadratic discriminant analysis. Some datasets for training will be also evaluated using linear and quadratic discriminant analysis to investigate accuracy of this method. Then, 50 datasets for testing will be feed to discriminant analysis to evaluate robust of discriminant analysis. Result of discriminant analysis in some datasets for training can be seen in Table 4 . Table 5 . 
